In situ hybridization histochemistry with the use of a digoxigenin-labeled ribonucleotide probe for basic fibroblast growth factor (bFGF) mRNA demonstrated bFGF transcripts in the masseter muscle of dystrophic (mdx) mouse and in vibrissae and small hair follicle of the rat peri-oral skin. A conspicuous hybridization signal was detected in the central part of the cytoplasm of the smallest myoblasts in the process of initial regeneration or differentiation.
Basic fibroblast growth factor (bFGF), isolated from the brain and pituitary (4, 7, 9, 17, 33) , stimulates the proliferation and differentiation of mesodermal derived cells as noted previously in in vitro studies (13, 16, 18, 28, 37, 38) . In support of this hypothesis, immunohistochemical studies with the use of bFGF antibodies have demonstrated the locations of bFGF in several regenerating, proliferating and differentiating tissues. However, there is considerable discrepancy among the immunohistochemical studies dealing with bFGF localization in the dystrophic mdx mouse muscle and hair follicles. In dystrophic mdx mice, Anderson et al. (1) and Matsuda et al. (26) demonstrated bFGF immunoreactivity exclusively in early regenerating or differentiating myocytes, whereas DiMario et al. (6) showed an increase in bFGF content in the extracellular matrix without detecting intracellular bFGF. In rat vibrissae and hair follicles, Okada et al. (30) indicated that matrix cells contain immunoreaction products, in contrast to the study of Gonzalez et al. (14) who detected bFGF immunoreaction in compact mesenchymal cells and basement membrane close to hair follicles. The differences in bFGF staining may be due to the fact that different antisera recognize intracellular bFGF or heparan-sulphatebound bFGF in extracellular spaces (3, 29, 31, 34, 35) . In other words, immunohistochemistry cannot necessarily differentiate the sites of bFGF production, release and accumulation. Moreover, our previous electron microscopic studies with the use of a bFGF antiserum demonstrated differential locations of bFGF immunoreaction in dystrophic mdx mouse muscle * To whom all correspondence should be addressed .
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cells and hair matrix cells; the muscle cells exhibited diffuse immunoreactions mainly in the cytoplasm (26) , whereas the matrix cells had intensely stained euchromatin and weakly labeled cytoplasm which contained immunoreaction products in discrete spots less than 100 nm in diameter (30) . This may reflect a difference in the subcellular location of bFGF between cells producing and cells accumulating the growth factor. In situ hybridization histochemistry for the demonstration of tissue bFGF mRNA might provide clues for the clarification of the uncertain points of previous immunohistochemical studies on bFGF generation. We report here the detection of bFGF mRNA in the masseter muscles of mdx mouse and in the hair follicles and vibrissae of the pen-oral skin of rats, using a cRNA probe labeled with digoxigenin as a reporter molecule.
MATERIALS AND METHODS
Four week old male mdx and C57BL mice and male Wistar rats were used in this study. All animals were housed at a constant temperature (22°C) with a 12 :12 light-dark cycle and given food and water ad libitum. The following experiments were conducted in accordance with the Guide for Animal Experimentation at Ehime University School of Medicine.
Probe Preparation
Sense and antisense digoxigenin (DIG) labeled cRNAs (297 mer) were made. The sequence of these probes corresponds to bases 422 to 718 of the rat bFGF cDNA sequence (24) . After the above cDNA sequence was inserted into Bluescript II vector, amplified and excised from the vector, cRNA probes were synthesized by transcribing the cDNA with RNA polymerase in a NTP mixture containing DIG-labeled uridine-triphosphate (DIG-UTP) (12) .
Tissue Preparation
Under pentobarbital anesthesia the masseter muscles of mdx and C57BL mice and the rat pen-oral skin with vibrissae were dissected out and immediately frozen in dry ice powder. The tissues were divided into two groups: one was stored at -80°C until extraction of mRNAs for Northern blot analysis; the other was sectioned in a cryostat and mounted onto gelatincoated slides for in situ hybridization histochemistry.
Northern Blot Analysis
Tissue mRNAs were prepared as described by Chomczynski and Sacchi (5) and Jacobson (20) and separated on agarose gels and transferred onto Hybond-N+ nylon membrane (Amersham) (8) . The membrane was hybridized with the bFGF RNA probe in hybridization buffer without formamide at 65°C overnight, incubated with alkaline phosphatase (AP)-labeled anti-DIG antiserum and processed for chemiluminescent detection with adamthyl 3-(2,-spiroadamatane)-4-methoxy-4-(3"-phosphoryloxy) phenyl-1, 2-dioxetane (AMPPD) for 5 min. Kodak X ray film (XAR-5) was exposed to chemiluminescent signals.
In situ Hybridization Fresh frozen sections were fixed for 20 min with 4% formaldehyde in 0.1 M phosphate buffer (PB) (pH 7.2) at room temperature and treated with 0.2 N hydrochloride to suppress endogenous AP activity in the tissue. The sections were rinsed twice with PB for 5 min each and treated with proteinase K for 10 min. Following a brief rinse in PB, they were refixed with a 4% formalin solution for 5 min and acetylated for 10 min with a 0.1 M triethanolamine (TEA) and 0.25% acetic anhydride solution. Subsequently, the sections were dehydrated in a graded series of ethanol, delipidated in chloroform and washed twice with absolute ethanol. They were preincubated with hybridization buffer, and hybridized at 50°C overnight with the DIG-labeled antisense cRNA probe which was diluted 1 : 500 with hybridization buffer. After a rinse in 5 x SSC (20 min) and a high stringency wash with 50% formamide in 2 x SSC (20 min) at 60°C, the sections were treated with 0.1 % RNase in Tris-HC1 buffer (pH 7.2) containing 1 mM EDTA and 0.5 M sodium chloride. The sections were then rinsed with the same buffer for 10 min at 37°C and with the high stringency wash solution for l 0 min at 60°C . Finally, the sections were incubated overnight with alkaline phosphatase-labeled anti-DIG antiserum (1: 500) at room temperature and subjected to color development with a BLIP/NBT kit (Boeninger Mannheim) (12) .
Control experiments were carried out: 1) by hybridizing the sections with DIG-labeled linearized pBR328 DNA (Boeninger Mannheim); 2) by incubating the sections with DIG-labeled sense bFGF probe; or 3) by incubating the sections with an excess of nonlabeled cRNA probe.
RESULTS

Northern Blot Analysis
The antisense cRNA probe used in the present study, when examined with Northern blot, hybridized selectively with 6 kbase mRNA (possibly bFGF mRNA) (7, 32) extracted from mdx mouse masseter muscle and rat pen-oral skin (Fig. 1) .
In situ Hybridization
At low magnification, the masseter muscles of mdx mice contained several discrete areas with con-spicuous hybridization signals for bFGF mRNA (Fig.  2) . Hybridization signals were difficult to discern in the other areas, including the endomysium. At high magnification, intense bFGF mRNA expression was noted in small cells; the central portions of these cells were more heavily labeled with the cRNA probe against bFGF mRNA than the peripheral parts, suggesting an accumulation of bFGF mRNA in the perinuclear regions (Fig. 3a) . Although some of the small cells forming clusters appeared to be early regenerating or differentiating myoblasts (26) , intense reaction products occasionally kept us from tracing the outlines of the cells. As cell size increased, hybridization signals in individual bFGF mRNA positive myocytes declined in intensity (Fig. 3b) . The reaction products in the relatively large myocytes, even though difficult to see at low magnification, appeared to accumulate in and close to the centrally located nuclei or in discrete cytoplasmic areas at high magnification (Fig. 3b) . Neither in the endomysium nor in the extracellular matrix were hybridization signals detected. Towards the completion of muscle regeneration or differentiation, premature myocytes gradually ceased to express bFGF mRNA while growing slightly larger in size than those at the foregoing stages (Fig.  3c) . The masseter muscles of C57BL mice did not express any bFGF mRNA reaction detectable with in situ hybridization histochemistry. Negative control sections that had been pretreated in three different ways as described in the materials and methods section did not exhibit hybridization reactions (Fig. 3d) . Cross sections of hair follicles and vibrissae in the adult rat peri-oral skin exhibited bFGF mRNA signal in proximity to the centers of individual follicles (Figs.  4a, c) . Most of the bFGF mRNA positive central areas within the hair follicles were endowed with a non-hybridized core of variable diameter. There were also hair follicles and vibrissae devoid of bFGF mRNA reaction. In negative control sections, hybridization signal was not observed (Fig. 4d) . Since it was not always possible to determine the precise site of bFGF mRNA expression in cross sections, longitudinal sections of the hair follicles and vibrissae were stained with the probe. Hybridization signal was noted exclusively in keratinizing hair cortical cells (Figs. 5a, b) ; the matrix was scarecely labeled with bFGF mRNA cRNA probe. The dermal papillae of vibrissae did not show bFGF mRNA expression detectable with the present hybridization method.
DISCUSSION
There are several advantages of the present cRNA hybridization probe over radioactive probes for in situ hybridization histochemistry.
First, the DIG- (6) suggest the presence of bFGF only in the extracellular matrix and possibly in endomysial fibroblasts of mdx mouse muscle. Moreover, a study from our laboratory indicates the localization of bFGF in trigeminal motor nerve endings innervating the rat and mouse masseter muscles (25, 26, 30) . These findings raise the question of whether bFGF is produced in the regenerating/differentiating myoblasts or is absorbed in a receptor-mediated way into the myoblasts after being released from the motor nerve fibers and/or endomysial fibroblasts (1, 10, 11, 26) . In favor of the former possibility, the present study has demonstrated bFGF mRNA expression of high intensity in putative myoblasts in the process of early differentiation or regeneration. Furthermore, hybridization signal has been shown to decrease in intensity as myoblasts mature. This is in good agreement with the results of our immunohistochemical study which suggests a cellsize-dependent decrease in bFGF immunoreactivity in mdx mouse myocytes (26) . Taken together, bFGF appears to act as an autocrine regulator in mdx mouse myoblasts bearing bFGF receptor (31, 39) .
The present study showed intense bFGF mRNA expression in keratinizing hair cortical cells and scarce bFGF mRNA expression in the matrix of hair follicles, whereas our previous immunohistochemical study demonstrated bFGF immunoreaction mainly in the matrix and external root sheath of vibrissae (30) . One explanation for this is that bFGF generated in the hair cortical cells is so actively transported to the matrix and external root sheath that the hair cortical cells do not retain sufficient bFGF to be detected by immunohistochemistry.
However, mismatch between immunohistochemistry and in situ hybridization in the matrix, in the cortical cells, in the dermal papilla and in the outer root sheath of hair follicles is not fully accounted for by this speculation (15, 22, 27, 30, 36) . The use of more sensitive in situ hybridization as well as detailed studies of the mechanisms underlying bFGF secretion, receptor-mediated bFGF internalization, and bFGF mRNA translation would clarify the uncertain points of the present study.
In conclusion, this study suggests that bFGF acts on target cells either in an autocrine fashon or in a paracrine fashion, depending on the tissues from which it is derived.
